Purinergic P2X receptors are a family of ligand-gated cationic channels activated by extracellular ATP. P2X subunit protein sequences are highly conserved between vertebrate species. However, they can generate a great diversity of coding splicing variants to fulfill several roles in mammalian physiology. Despite intensive research in P2X expression in both central and peripheral nervous system, there is little information about their homology, genomic structure and other key features that can help to develop selective drugs or regulatory strategies of pharmacological value which are lacking today. In order to obtain clues on mammalian P2X diversity, we have performed a bioinformatics analysis of the coding regions and introns of the seven P2X subunits present in human, simian, dog, mouse, rat and zebrafish. Here we report the arrangements of exon and intron sequences, considering its number, size, phase and placement; proposing some ideas about the gain and loss of exons and retention of introns. Taken together, these evidences show traits that can be used to gain insight into the evolutionary history of vertebrate P2X receptors and better understand the diversity of subunits coding the purinergic signaling in mammals.
The seven P2X subunits (1 -7) in mammals are diverse in size and gene organization. P2X 2 is the smallest of the subunits, with a 2.78 Kb transcript. The longest is P2X 7 with 37.23 Kb (see Table 1 ). However, the ORF size of the seven subunits from the species analyzed in this work has an average of 1.3 Kb without untranslated sequences-P2X4 has the smallest transcript with 1.16 Kb and P2X 7 possess the longest transcript of 1.78 Kb, their aminoacid sequences are 388 and 595 residues respectively. Mainly, the difference in size between P2X subunits is related to the size of their C-terminus domains.
Genomic Organization of P2X Genes of the Mouse
The P2X subunits of mouse consist of 12 to 13 exons and 11 to 12 introns according to the reported sequences of Gene Bank (Figure 1(a) ). In detail, subunits P2X 1 , P2X 2 , P2X 3 , P2X 4 and P2X 6 have 12 exons and 11 introns, whereas P2X 5 and P2X 7 have an arrangement of 13 exons and 12 introns. Despite the differences of aminoacid sequences among P2X subunits (below 50% identity, Table 2 ), exon size trends to be conserved from Exons III to X, which is the middle portion of the ORF; with exons III and X as the most conserved (most of them are 72 and 66 nucleotides long respectively), whereas the last exons are the most variable in size (Figure 1(a) ). In counterpart, the introns have a high variability in size and sequence, this could be the cause of identity differences at genomic DNA level between P2X genes in mice. The conservation of exon size and high variability of intron length has been previously described in other gene families in previous works [20] , which are evidence of evolutionary mechanisms affecting their gene structure.
Exon III codes for 24 aminoacids located in the extracellular loop, and exon X forms the first half of the transmembrane region II, part of the channel pore [21] . In counterpart, the most variable regions of the exons of P2X subunits are those involved in traffic, receptor desensitization, cytoskeleton binding, receptor-receptor in-teraction and regulatory proteins, which contribute to the diversity of function of the assembled P2X receptors.
Intron size among P2X subunits in mouse is highly variable, with P2X 2 as the gen with the shortest introns (76 to 319 bp). Previous works showed shorter introns in constitutive genes compared to those of low expression [22] [23] . This is explained by the naturally selected gene compression since transcription and mRNA processing are slow and energetically costly processes [22] [24] . The small intron size of P2X2 correlates with its high prevalence in cells responsive to purinergic signaling like neurons of the peripheral nervous system [25] . On the other hand, subunits like P2X 3 seem to be present mostly at early stages of development and scarcely found in adult neurons according to other works [5] [26]- [28] and to our single cell PCR results performed in myenteric neurons of mice [29] . These results correlate with the longer size of P2X 3 introns in a gene that is not as widely expressed by neural cell types and does not need high efficiency transcription rates. Intron I is often referred to contain expression enhancers and other regulatory elements in mammals [30] - [32] , this is the case of the purine nucleoside phosphorylase, where short portions of the intron 1 (around 170 bp) provided enhanced transcription in mammalian cell culture expression systems. In P2X orthologs (Figures 1(b)-(h) ), intron I size and sequence it's also conserved, possibly pointing to unidentified regulatory elements in P2X genes.
Genomic Organization of P2X Orthologous Genes
To determine how P2X gene orthologous have been conserved in evolution among species, we analyzed the ge-nomic organization of the seven P2X subunits of different mammalian species, including mouse (musP2X), rat (rnoP2X), primates (mmuP2X for Macacamulata and ptrP2X for Pan troglodytes), human (hsaP2X) and dog (cafP2X). Additionally, we included in this study the zebrafish (darP2X for Dario rerio) from the family Cyprinidae from the class Actinopterygii, as ancestral species of mammals. In zebrafish, nine P2X genes have been reported: P2X 1 to P2X 5 and P2X 7 which are orthologous to mammal subunits. Another two paralogous of P2X 3 and P2X 4 named P2X 3 b and P2X 4 b, and P2X 8 from which there are no reported orthologous in mammals [33] - [35] . From our phylogenetic tree, we could propose that P2X 8 is an orthologous gene to P2X 5 , although further functional and pharmacological evidence could uncover more similarities between these two subunits.
When we analyzed the exon size of P2X gene orthologous, we found a high conservation among the different species of mammals, whit some exceptions in the first and last exon (Figure 1) . Also the zebrafish showed variability in the size of some exons compared to P2X subunits in mammals. On the contrary, intron size is variable in each ortholog of P2X subunits, however, the size of introns trend to be better conserved between the orthologous of a specific P2X subunit (Figures 1(a)-(h) ). The zebrafish again presents the most variable arrangement of introns compared to the other species. For most introns, the identity percentage was not significant, but in rare events the identity rate was up to 70% ( Table 3) . Additionally, we discovered that P2X subunits have a conserved intron phase among musP2X paralogs ( Table 4 ). Among orthologous, P2X genes conserve their intron phase as well, however, some changes do occur in P2X 5 and P2X 7 , overall in the 3' region of introns ( Table  4) . Thus, we found that, in general, introns I, V, VI and VIII are in phase two, whereas exons II, III, VII, IX, X, XI and XII end up in phase zero. Only exon IV appear in phase one.
Some P2X paralogous are found in the same chromosome, like P2X 1 and P2X 5 ; P2X 2 , P2X 4 and P2X 7 showing syntenic traits. On Figure 2 we show the blocks of syntenic P2X genes in mouse and human. The comparison with all the analyzed species is shown in Supplementary Table S1. The genes P2X 1 and P2X 5 conform a block of syntenic genes between mouse and human with opposite orientation. In a similar way, P2X 4 and P2X 7 are syntenic between all orthologs. In the zebrafish case, with two different P2X 4 genes, only P2X 4 b keeps synteny with P2X 7 (Supplementary Table S1), and the P2X 4 a is different than b and other orthologous regarding its chromosome location. We also found synteny for P2X 2 orthologs but these are located further away from P2X 4 and P2X 7 (Figure 2 ). In the case of P2X 3 , the genes in positions 1, 2, -1 and -2 are conserved completely in the mouse and human, however, the orientation is inversed. In zebrafish, P2X 3 a and b keep the same microsynteny than their orthologous. Genes that keep synteny with P2X 6 conserve order as well as orientation.
The ortholog genes P2X [1] [2] [3] [4] [5] [6] [7] are much conserved at the protein level, most of all between rat and mouse or between human and primate ( Table 3 ). The identity percentages (Clustal W, Slow/Accurate, Gonnet) between rat and mouse range from 85% (P2X 7 ) to 99% (P2X 3 ). On a similar way, between human and primate, identities range between 97% (P2X 4 ) and 100% (P2X 7 ). The lowest identity percentages are found between mammals and zebrafish, with values around 50% in most cases. These results are in accordance with the phylogenetic tree ( Figure 3 ) where rodents and primates are closer to each other and farthest from zebrafish. It has been previously described that orthologous genes trend to conserve their intron position compared with non-orthologous genes, even when orthologous sequence identity is low [36] - [38] . We found low percentage of protein identity between P2X 1-7 from zebra fish regarding their respective mammalian orthologous. However, even when zebrafish is an evolutionary distant organism, it trended to conserve certain characteristics such as exon-intron organization and intron position with its mammalian counterparts, which makes evident the sharing of common ancestry in P2X evolution (Figure 3 ). The main difference between fish P2X genes and mammalian was centered in the size of introns, indicating some re-organization in exon-intron position after mammalian divergence.
In zebrafish, two paralogous genes for P2X 3 and P2X 4 have been reported with distinctive localization and genomic organization. Several lines of evidence have suggested that whole genome duplications occurred before the vertebrate/ascidian divergence [39] and, later on, in the lineage of teleostheus after tetrapod divergence where only one set of these duplicated genes were maintained [40] - [43] . This is supported by the existence of several duplicated segments in zebrafish chromosomes [44] . The two genes darP2X 3 a and b seem to be the result of this duplication, since they are located in a cluster of duplicated genes found in different chromosomes and conserves synteny with their orthologous (Supplementary Table S1 ). In darP2X 4 a and b there is no conservation of gene duplicates, each P2X 4 is located in a different chromosome near single copy genes. P2X 4 b is close in position to darP2X 7 , but that is not the case of darP2X 4 a, therefore, it is possible that P2X 4 a was origin- Inversion of transcription sense and conservation of upstream genes -1 and -2 is shown, whereas genomic context is highly conserved for P2X 4 and P2X 7 ; (c) Microsynteny of P2X 3 and P2X 6 . For P2X 3 inversion is observed in the whole chromosome context of the four neighbor genes. For P2X 6 genomic context is highly conserved for two genes on both sides. nated in an independent duplication event explaining the lack of synteny in this gene. We also analyzed the P2X orthologous intron phase to look for clues about the common ancestor of these genes as has been done elsewhere [45] . We found that intron phase is conserved in paralogous as well as in orthologous, with the zero phase as the most common, followed by phase two and phase one. Phase zero is the most common between mammalian orthologous and it's frequently found at the 3' region of a given gene [46] - [48] . Phase two is often referred as least common in gene arrangements; however P2X genes present this phase with a significant frequency. The implications of this phase conservation can be directly related to the allowance of functional variability. This is also correlated with the presence of phase zero in the conserved regions coding for transmembrane domains and C-terminus, which play significant roles in function and regulatory activity. Higher variability in exons coding for the extracellular domains could allow the evolution of regions affecting ligand affinity and gating. In the next section, we describe particular characteristics of genomic organization for every P2X gene.
P2X 1
Mouse P2X 1 gene has a size of 16.05 Kb and mRNA of 1200 bp, which produces a protein of 399 aminoacids. The gen is organized in 12 exons and 11 introns. This organization is conserved among its mammals orthologous (rat, human, dog and primate) and differs with zebrafish organization, which has 13 exons and 12 introns (Figure 1(b) ).
The size of P2X 1 exons is fully conserved in mammals, while conservations is sound only with exons III, VI, VII, IX and X of zebrafish (Figure 1(b) ). An additional exon is present in darP2X 1 (exon XIII) with only 6 bp, from which only one aminoacid is coded together with the STOP codon. P2X 1 introns are more divergent in size as well as in identity between the analyzed sequences. The first intron is the largest with >7400 bp in all the analyzed species. Using the Align algorithm (European Bioinformatics Institute) in its global (needle) and local (water) configuration we found identity values shown in Table 3 . We showed that rat and mouse introns have the higher global identity (>66%) and intron IV has the highest unitary identity (87.6% in both needle/water modes). The zebrafish P2X 1 introns had the lower identity percentage (below 42.3% needle).
P2X 2
The P2X 2 gene of mouse is located in chromosome 5 and is characterized for being the shorter of mammal P2X genes (around 3 Kb, Table 1 ), mRNA without untranslated regions is 1248 bp long coding for a 416 aminoacid protein. P2X 2 gene was originally described by Brandle in 1997 with an organization of 11 exons and 10 introns, according to the NCBI reference P2X 2-1 (NM_053656). In previous work from our group we reported that P2X 2-2 isoform is actually the primary P2X 2 transcript and not the P2X 2-1 subunit as initially assumed. Based on this report we established the genomic arrangement of guinea pig P2X 2 as formed by 12 exons and 11 introns.
Since P2X 2-2 isoform is expressed in all mammals where splicing studies have been done (namely, mouse, rat and human), we have extrapolated the guinea pig model to the rest of species and confronted it with the genomic arrangement of zebrafish P2X 2 (Figure 1(c) ). The addition of an exon in this 12 exon-11 intron arrangement is given by the separation of the last exon into two new exons (XI and XII) separated by an intron. To identify the donor and acceptor sites in this intron we use Net Gene2 algorithm (www.cbs.dtu.dk/services/NetGene2/) with all the analyzed P2X 2 gene sequences. In all genes we found a donor site with high confidence level at the beginning of the site where intron 11 is located. In the same way, we found an acceptor site in the same intron in human and guinea pig. For mouse and rat the site could be easily identified using the GT/AG rule. These sites support the existence of the intron 11 between exons XI and XII with a size of 91 or 206 bp, depending on the species (Figure 1(c)) .
Phylogenetically, P2X 2 is closer to P2X 3 (Figure 3) , which is reflected also in the conservation of the genomic arrangement of 12 exons and 11 introns between these paralogous. The same order is maintained among the orthologous of P2X 2 , even with the more distant zebrafish (Figure 1(c) ). With the exception of exons I, IX and XII, all exons conserve their size, including exon XI of 78 bp shared entirely by P2X 3 (Figure 2) .
On its part, P2X 2 introns are less conserved and are characterized for their small size, however, introns size in zebrafish P2X 2 are variable, ranging from small (3, 5 and 9 of 81, 76 and 81 respectively) to large introns (intron 8 is 3027 bp). This contrasts with mammalian P2X 2 genes with no intron larger than 450 bp. In nucleotide sequence, the better conserved, both globally and locally regarding mouse are rat's introns 1 (89/90.3), intron 2 (92.9/94.8), intron 4 (90/92.3) and intron 11 (93.8/95.6). With the rest of orthologous the identity are equal or lower than 70%.
We have suggested that genomic organization of P2X 2 in mammals is composed of 12 exons and 11 introns, such as it's been displayed in Ensembl and fast DB databases. This model is based in the evidence that P2X 2-2 or P2X 2 b is the only mammal homologous to zebrafish P2X 2 , which have P2X duplications rather than reductions in gene number. Additionally we observed that P2X 2-2 genomic arrangement is conserved between mammalian orthologous and the distant zebrafish. In the same way, this isoform is more close to the paralogous P2X 3 , indicating our proposed genomic organization has a better evolutionary meaning than the previously proposed model.
We also observed that mammalian P2X 2 size is smaller than zebrafish P2X 2 , showing a large variation in in-tron size. This suggests that P2X 2 went over a shortening of introns that could have conferred a regulatory function in a similar way to some constitutive genes [22] [24] . All the intron phases are conserved in P2X 2 orthologous, suggesting that no major genomic re-arrangements have occurred. This is supported by functional evidence of our laboratory, where P2X 2 expression is sustained in myenteric neurons during embryonic development and to adulthood, implying the functionality of the subunit in a range of physiological events.
P2X 3
The murine P2X 3 receptor has a genomic size of 39.2 Kb and a mRNA of 1.4 Kb, coding for a 397 aminoacids protein. Its chromosomal localization is shown in Table 1 . The genomic organization of P2X 3 is shown in Fig.  1D with an arrangement of 12 exons and 11 introns, which is conserved among orthologous. The aminoacidic identities of P2X 3 between mouse and its orthologous were the highest of all P2X genes (higher than 93%). From the two P2X 3 genes in zebrafish, darP2X 3 b had the highest identity with mammalian P2X 3 (68% with Clustal W), while darP2X 3 a had 57% identity. When we compared P2X 3 a with P2X 3 b, we found 58% of identity. These results are in agreement with the phylogenetic tree shown in Figure 3 , where darP2X 3 b is closer to mammalian P2X 3 genes. Figure 1(d) shows the high conservation between the mammalian orthologous, only some differences appear in exons I, IV, V and XII of zebrafish P2X 3 compared to mouse. Intron sequences between mouse and rat are highly identical; in intron 9 the conservation is 90.5/90.8% needle/water, intron 11 has a 74.6% needle identity, the same intron has up to 55.5% global identity compared to other mammals. As expected, the zebrafish has shorter and less conserved introns compared to other P2X 3 mammalian genes.
The evidence on P2X 3 suggests, together with other P2X subunits sequences, that zebrafish had a common ancestor with mammals. The divergence of these two lineages can be inferred with the accumulation of genetic material in mammal introns. In mammals, intron 8 has a larger size than zebrafish sequences. When we performed a PSI-BLAST analysis in this intron, we observed the presence of several elements similar to dSpmZea mays transposons, suggesting the increase in mammalian intronic sequences could be due to transposon insertion [37] [49] [50] . The phylogenetic analysis shows darP2X 3 a isoform diverging before the separation of mammalian clade (Figure 3) , which leads us to propose that mammalian P2X 3 sequences are derived from darP2X 3 b found in the zebrafish ancestor.
P2X 4
Mouse P2X 4 receptor is located close to P2X 7 in chromosome 5, it has a 21.488 Kb size and mRNA of 1,995 bp, coding for a protein of 388 aminoacids (see Table 1 and Figure 2) . Analyzing genomic organization of P2X 4 (Figure 1(e) ) we can see it's comprised of 12 exons and 11 introns. The phylogenetic tree shows it closer to P2X 7 , however they do not share the same exon-intron arrangement. In zebrafish, P2X 4 paralogous (a and b) are kept in the same clade in the tree and have an identity of 57% between both proteins (Figure 3) . Comparing musP2X 4 with the two zebrafish isoforms darP2X 4 a and darP2X 4 b using Clustal W, we encountered identities of 58% and 52% respectively ( Table 5) . Exon size is completely conserved among P2X 4 orthologous in mammals (Figure 1(e) ). In zebrafish, the two P2X 4 genes conserve exon size compared to mouse; darP2X 4 a differs only in the first and last exon, whilst darP2X 4 b differs in the last two.
The size of introns is variable among P2X 4 orthologous; with sizes ranging from 99bp to 8 Kb. Introns 1 and 5 are the largest while intron 7 and 9 are the smallest. Comparing intron identity between orthologous we found the highest identities again between mouse and rat, particularly in introns 3, 4, 9 and 11, with 71/71%, 69/70%, 72/72% and 77/77% needle/water identity respectively ( Table 3) .
We observed that even when darP2X 4 a has a higher global identity with their orthologous than darP2X 4 b, synteny occurs with P2X 4 b and P2X 7 suggesting that P2X 4 b was prior to genome duplication events that happened in zebrafish after mammalian divergence and therefore, originated the mammalian P2X 4 genes.
P2X 5
In mouse, P2X 5 receptor is located in chromosome 11 and has a size of 12.16 Kb with a mRNA of 2.293 Kb after the editing of their 13 exons and 12 introns. The P2X 5 subunit has 455 aminoacids. The genomic organization of mouse P2X 5 is quite unique, since it is conserved with the rat, but it's different to the other mammals analyzed, which present an organization of 12 exons and 11 introns.
Looking the phylogenetic tree on Figure 2 , we can see that darP2X 8 is grouped in the same clade than P2X 5 , 5 , which is the same identity of darP2X 5 . On the other hand the tree shows P2X 5 close to P2X 6 but their genomic organization is not conserved. There is conservation in exon size between mammalian P2X 5 genes, overall among exons I to V (Figure 1(g) ). With zebrafish orthologous P2X 5 and P2X 8 the size of exons is more variable. Intron sequence is the most similar between rat and mice with introns 3, 9 and 11, which have global identities superior to 70%.
As shown in Figure 1(g) , introns 2, 7, 8 and 11 are longer in zebrafish than in the other organisms analyzed, thus is probable that loss of genetic material could give some advantage in P2X 5 expression in mammals [51] [52] .
The receptor darP2X 8 is grouped with P2X 5 in the phylogenetic tree; therefore we compared the nucleotide sequence and observed certain similarity between them. For example, the highest identity of 66.3% occurred for Exon VI (needle, data not shown). This is evidence of distant divergence between P2X 5 and P2X 8 . However this is the only case where zebrafish has the same intron phase than the mammalian P2X 5 genes. This is additional evidence to the previously suggested evolutionary relationship between P2X 5 and P2X 8 in chicken (Gallus gallus) [53] .
3.2.6. P2X 6 The murine P2X 6 gene has a size of 10.13 Kb and a mRNA of 1170 bp, generating a product of 389 aminoacids. The P2X 6 is organized in 12 exons and 11 introns; this organization is conserved among mammalian orthologous. Since zebrafish seems to lack P2X 6 , we choose a reptile (Anolis carolinensis) as a possible distant species to compare gene sequences. In the case of A. carolinensis P2X 6 gene (acaP2X 6 ), its organization has 11 exons and 10 introns (Figure 1(g) ).
Comparing exon size of mouse P2X 6 with its orthologous we observed that is conserved in all the mammalian species, with the exception of the first and last exons, as with other P2X analyzed. However, exon V of acaP2X 6 is 175 bp long, which is equivalent to the sum of the individual size of exons V (94 bp) and VI (81 bp) from mouse P2X 6 . Reptilian exons from VI to X conserve the size with exons VII to XI of musP2X 6 , respectively.
Introns present the higher divergence in size and identity among the analyzed sequences. Introns 2, 3 and 8 are the largest (more than 1200 bp) in mammals; while in reptile intron 1 had the larger size with 1060 bp (Figure 1(g) ). Comparing intron sequence of mouse P2X 6 against its orthologs, as observed in Table 3 , we found that rat and mouse have the highest identity (above 63%), with intron 9 the highest in score (88.9/88.9% needle/water). Introns from reptile P2X 6 had the lower identity percentage (below 50.5%).
Our analysis of P2X 6 sequences between mammals and reptile suggest that P2X genes were present in a common ancestor. We encountered the accumulation of genetic material in the case of some mammalian P2X 6 introns, including the presence of an intron between exons V and VI of mammals that is not observed in reptile. Mammalian exons V and VI match exactly in size with reptilian exon V, with identities of 60.8 and 73.2% respectively when aligned locally (data not shown). This explains the presence of only 11 exons in the reptile compared to the 12 exons in mammalian P2X 6 . The presence of the same genetic structure in all of mammalians points that the intron present between exons V and VI was acquired more recently after reptilian and mammalian divergence through insertion. It has been proposed recently that the increased number of introns in an organism is related to less efficient expression. The insertion of this intron can contribute, along with other multiple regulatory mechanisms, to the in vivo behavior of P2X 6 receptors.
P2X 7
The murine gene coding for P2X 7 is the largest of the P2X family. In mice it has 37.2 Kb with a transcript of 1785 bp, giving a protein of 595 aminoacids. The gene organization of P2X 7 consists of 13 exons and 12 introns in mammalians and 14 exons and 13 introns in zebrafish (dar P2X 7 , Figure 1(h) ). This genomic organization is different to what is seen for other P2X genes (Figure 1(a) ).
The P2X 7 subunit is notable for its longer C-terminus, with 230 aminoacids for mouse, compared to the shorter C-terminus of musP2X 6 with only 25 aminoacids and musP2X 5 with 94 aminoacids (second largest). Protein size is identical in the five mammalian species (Table 1) , which is also reflected in the high conservation of the exon size. The only differences we found were in exons VII and XII of dog (Figure 1(h) ).
The introns of P2X 7 are in general long, overall intron 1 which has more than 21000 bp in both human and mouse, contrasting with intron 10 with 84 to 245 bp. Intron 2 is very well conserved among species, with identities as high as 83% local/global between rat and mouse. Intron phase is conserved among mammalian species, however, darP2X 7 (fish) have a shift in phases due to an insertion of an intron in exon II. Also the last three introns of the zebrafish uses phase one instead the phase zero of mammals.
The main difference between the P2X 7 of mammalians is their large size compared to the one of zebrafish ( Table 1) . Also exon-intron organization of the zebrafish is different to the mammalian genes, since it consists of a large intron of 7012 bp with a translated sequence corresponding to the reverse transcriptase of a retrotrasposon (Accession No.: XP_694080). This evidence suggests the insertion of the intronic sequence in exon 2 after the divergence of mammalian and fish lineages, generating the new exons II and III in darP2X 7 only. This suggests an evolutionary story where several insertions occurred in the lineage of zebrafish, elongating the introns of P2X 7 and conserved until know possibly to an advantage in expression regulation.
Concluding Remarks
The evolutionary origin of P2X receptors is still unclear; however, ancestral organisms diverging as far as 1 billion years ago have a single P2X receptor that has pharmacological and biophysical properties that resemble those of the seven P2X subunits in vertebrates [14] [17] [18] [54] [55] . As we have shown in this work, there is a high conservation of the gene structure among P2X receptors in the different organisms analyzed, even in the distant species of fish and reptile. This is additional evidence pairs with previous reports proposing that a single gene in a common ancestor very recently originates the current diversity of P2X subunits in vertebrates [14] [17] . After vertebrate divergence, P2X genes underwent duplications, gain of intron sequences and exon rearrangements that give the seven genes coding for P2X subunits a complexity underlying an important portion of the purinergic signaling in mammals.
Our phylogenic tree shows P2X 4 and P2X 7 as members of a more related clade. This is in agreement with previous hypothesis suggesting their origin from gene duplication [56] . Their joint evolution can be driven by the selective pressure generated by their functional role in the central nervous system, where these two subunits are mainly responsible for the activation of the inflammasome after injury [57] . In a similar way, the localization of P2X 2 and P2X3 in a clade with a recent common ancestor correlates with their high rate of appearance as heteromers in sensory neurons [9] . More importantly, an increasing amount of works have proven that P2X represents important therapeutic targets in pathologies as important as chronic pain in cancer and inflammation [58] [59] . With only few selective antagonists available [19] , new strategies such as gene therapy can be the more effective choice when it comes to selectively regulate heteromeric P2X activation in cells [60] . In this work we provide a comprehensive depiction of the genomic organization of P2X receptors in the major model species of mammals. We expect our results will help to better understand phenomena at the transcription level such as splicing variants of P2X receptors and also to provide easy to access reference about the differences of P2X subunits at the nucleotide level, thus allowing to better design future strategies in basic science and therapeutics of P2X physiology. 
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